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ABSTRACT
Objective Exposure to psychosocial stress has been
identiﬁed as a possible stroke risk, but the role of stress
resilience which may be relevant to chronic exposure is
uncertain. We investigated the association of stress
resilience in adolescence with subsequent stroke risk.
Methods Register-based cohort study. Some 237 879
males born between 1952 and 1956 were followed from
1987 to 2010 using information from Swedish registers.
Cox regression estimated the association of stress
resilience with stroke, after adjustment for established
stroke risk factors.
Results Some 3411 diagnoses of ﬁrst stroke were
identiﬁed. Lowest stress resilience (21.8%) compared
with the highest (23.7%) was associated with increased
stroke risk, producing unadjusted HR (with 95% CIs) of
1.54 (1.40 to 1.70). The association attenuated slightly
to 1.48 (1.34 to 1.63) after adjustment for markers of
socioeconomic circumstances in childhood; and after
further adjustment for markers of development and
disease in adolescence (blood pressure, cognitive
function and pre-existing cardiovascular disease) to 1.30
(1.18 to 1.45). The greatest reduction followed further
adjustment for markers of physical ﬁtness (BMI and
physical working capacity) in adolescence to 1.16 (1.04
to 1.29). The results were consistent when stroke was
subdivided into fatal, ischaemic and haemorrhagic, with
higher magnitude associations for fatal rather than non-
fatal, and for haemorrhagic rather than ischaemic stroke.
Conclusions Stress susceptibility and, therefore,
psychosocial stress may be implicated in the aetiology of
stroke. This association may be explained, in part, by
poorer physical ﬁtness. Effective prevention might focus
on behaviour/lifestyle and psychosocial stress.
INTRODUCTION
Stroke is the second leading cause of death world-
wide, and the leading cause of neurological disabil-
ity in adults in developed countries.1 2 Recognised
risk factors include high blood pressure, heart
disease, diabetes, obesity, smoking, alcohol and
physical inactivity, but further environmental
factors are likely to be relevant to stroke risk.
Exposure to psychosocial stress has been identiﬁed
by several recently conducted studies as a possible
stroke risk.3–5 Psychosocial stress, particularly with
chronic exposure, is a feasible risk for stroke
through its inﬂuence on the hypothalamic pituitary
adrenal (HPA) axis and sympathetic nervous
system, which can result in inﬂammation and
altered metabolic and cardiac autonomic control.6
Moreover, stress may be related to lifestyle factors
relevant to stroke risk, such as cigarette smoking,
physical inactivity and alcohol intake.7
To date, the association between psychosocial
stress and stroke has been investigated incom-
pletely.8 Recent case-control studies investigating
this may have been limited by potential reporting
bias, and exclusion of subjects who experienced
fatal stroke, as the measure of exposure to stress
was collected after onset of stroke.4 9 10 While
some prospective studies have been performed,3 5
limited duration of follow-up has not allowed
examination of chronic exposure, which may be of
particular relevance.
Stress susceptibility—or stress resilience—is an
important determinant of the consequences of
exposure to stress.11 12 A poorly controlled stress
response (potentially signalled by low stress resili-
ence) results in a prolonged physiological response
to stressful exposures, thus increasing the possible
longer-term adverse consequences of psychosocial
stress. Stress resilience may be a useful and under-
used measure for investigating the consequences of
chronic stress in relation to stroke risk. Here, we
examine the association of stress resilience in ado-
lescence with subsequent stroke risk in middle age
within a general population-based cohort of male
Swedish residents. Stress resilience was measured
during the assessment for military conscription
over 10 years prior to stroke and, therefore, not
subject to differential reporting bias. A secondary
aim was to examine whether other risk factors
might mediate associations of stress resilience with
stroke risk. At the end of follow-up the subjects
were still relatively young, under age 60 years, so
the study is of stroke risk during working age
rather than the later ages when stroke is more
common.
METHODS
Study population
The study cohort consists of male Swedish residents
born between 1952 and 1956, who were eligible
for military conscription and included in the
Swedish Military Conscription Register.13 At this
time, conscription and the associated examinations
were mandatory for all male citizens of the appro-
priate age (18 and 19 years, with a small number at
later ages). During the years covered by this study,
only men with signiﬁcant disability or a severe
chronic disease were exempted from conscription
(approximately 2–3% annually).14 The assessments
included extensive and highly standardised physical
and psychological examinations by physicians and
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psychologists. Stroke risk was assessed from 1987 (when the
Swedish National Inpatient Register15 attained full coverage) to
2010.
From among a total of 284 198 men identiﬁed, we excluded
2564 subjects with unreliable data such as errors in the personal
identiﬁcation number or uncertain vital status. Those with
implausible values for height (less than 144 cm), weight (above
178 kg), Body Mass Index, BMI, (below 15), systolic blood
pressure (below 50 or above 230 mm Hg) and diastolic blood
pressure (below 30 or above 135 mm Hg), were also excluded
from the analysis; in total 225 men.16 After excluding indivi-
duals who emigrated, died, or had a diagnosis of stroke before
study entry in 1987, the sample comprised 271 767 men. Men
with missing data for stress resilience, potential confounding
factors (year of birth, geographic region, systolic and diastolic
blood pressure, BMI, cognitive function, physical working cap-
acity, parental socioeconomic index and household crowding)
were also excluded (37 196 men; including 722 men with a
stroke diagnosis at some time). The sample available for the
main analysis comprised 237 879 men, 84% of the potential
target population.
Measures
Swedish military service conscription data
The men underwent a psychological examination to assess their
potential ability to cope with war-time stress,17 based on the
ability to control and channel nervousness, tolerance of stress
and disposition to anxiety.18 During this assessment, the poten-
tial conscripts met a psychologist for a semistructured interview
which covered areas relevant to general everyday life; including
psychosocial dimensions, such as social maturity, leisure inter-
ests, psychological motivation, and emotional stability.18 This
interview was used to produce a stress resilience score from 1 to
9 which we grouped into low (1–3), medium (4–6) and high
(7–9). Higher values indicate greater stress resilience. Details of
the test are available in Swedish,19 and it has been used in pub-
lished research.16 17 To ensure consistent evaluation, a central
authority supervised the instruction and training of participating
psychologists, supported by a written manual.
Height and weight were used to calculate BMI, which was
categorised using the WHO criteria. Systolic and diastolic blood
pressure was measured after rest in recumbent men using a
sphygmomanometer. Physical working capacity was assessed
using the cycle ergonometric test. After a normal resting electro-
cardiogram, 5 min of submaximal exercise was performed at dif-
ferent work rates depending on body mass, directly followed by
a maximal test with gradually increasing load until volitional
exhaustion, or an estimate was derived from a nomogram for
men who did not complete the full duration. The resulting
value was transformed into scores with a range from 0 to 9. The
cognitive test was a written assessment and comprised four
domains: linguistic understanding, spatial recognition, general
knowledge and ability to follow mechanical instructions: the
results were transformed into a single score with a value ranging
from 1 to 9. From the medical assessment at conscription, we
identiﬁed diagnoses, and we used the International
Classiﬁcation of Diseases eighth revision, ICD-8, ICD-8 codes
393–458 to indicate diagnosis of any cardiovascular disease at
the time of conscription.
Stroke
Using the Swedish National Inpatient Register15 exlude and the
Cause of Death Register,20 we identiﬁed the dates of ﬁrst fatal
and non-fatal stroke diagnoses during the period 1969–2010.
The codes used for stroke were 430–434 and 436 in ICD-8,
430, 431, 433, 434 and 436 in ICD-9; and I60, I61, I63, I64 in
ICD 10. For ischaemic stroke, they were 432–434 in ICD-8,
433, 434 in ICD-9, and I63 in ICD-10; for intracerebral haem-
orrhagic stroke 431 in ICD-8, 431 and 432 in ICD-9, and I61
in ICD-10.
Socioeconomic and demographic characteristics
The government organisation, Statistics Sweden, provided socio-
economic and demographic data including information on vital
status and emigration from the Total Population Register.21
Childhood social and material circumstances were estimated
using data from the 1960 census. The head of household’s occu-
pation was classiﬁed as manual, agricultural, farm owners/
mangers, ofﬁce workers, business owners/mangers, and others.
Household crowding was divided into two categories to indicate
a ratio of less than two persons per room, or more or equal to
two persons per room.
Statistical analysis
Cox regression was used to examine the association of stress
resilience in adolescence with subsequent stroke risk between
ages 31 and 58 years. The follow-up period began on 1 January
1987 and ended at ﬁrst stroke, death, emigration or 1 January
2010, whichever occurred ﬁrst. Subjects with a diagnosis of
stroke before 1987 were excluded (n=218). Non-fatal and fatal
stroke were examined together and separately. In the analyses of
aetiological subtypes (ischaemic and intracerebral haemorrhagic
stroke), ﬁrst event by each subtype was used.
Associations were examined using an unadjusted (model 1)
and three further adjusted models. In Model 2, adjustment was
for demographic and socioeconomic factors for the family of
origin: birth year, geographical region, parents’ socioeconomic
index, and household crowding. Model 3 was additionally
adjusted for characteristics in adolescence: cognitive function
(continuous), systolic and diastolic blood pressure (continuous),
and cardiovascular disease at conscription. In Model 4 lifestyle
factors in adolescence (here represented by physical ﬁtness and
body mass) were also added to the model: BMI (in 4 categories)
and physical working capacity score (continuous).
The proportional hazards assumption for stress resilience in
relation to stroke was tested graphically, as well as using a test
based on Schoenfeld residuals, and no evidence was found that
it was violated. As this was assessed using age as the underlying
time scale, it indicates that the association between stress resili-
ence and stroke was constant and did not diminish with increas-
ing age. Statistical signiﬁcance was deﬁned as 95% CIs that do
not include 1.00. Analyses used SPSS statistical software V.21
and Stata V.12 SE.
RESULTS
All analyses are based on the 237 879 conscripts with complete
information for the required variables, after exclusion of indivi-
duals who emigrated, died, or had a diagnosis of stroke before
the beginning of follow-up in 1987. During the follow-up
period of 1987–2010, 3411 men (1.4%) received an inpatient
diagnosis of stroke (or stroke was recorded as the underlying
cause of death). The stroke incidence rate was 64 per 100 000
person-years in our study population, compared with 101 per
100 000 person-years in the excluded subset with missing data
on covariates.
Table 1 presents characteristics by stress resilience. Men with
low resilience tended to have lower physical capacity, lower cog-
nitive function scores, higher blood pressure, were underweight,
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overweight or obese, more often had a diagnosis of cardiovascu-
lar disease at conscription, and had parents with a lower socio-
economic index and experienced greater household crowding in
childhood.
The associations with stroke for stress resilience and the other
measures are reported in table 2. All characteristics investigated
are statistically signiﬁcantly associated with stroke. The lowest
stress resilience group (21.8% with scores 1–3) compared with
the highest (23.7% with score 7–9) was associated with
increased risk of all stroke types. The intermediate category of
stress resilience lay between the low and high groups, indicating
a graded association. When adjusted for the demographic and
socioeconomic factors in childhood, the association attenuated
slightly but remained statistically signiﬁcant. Additional adjust-
ment for health and development characteristics in adolescence
again attenuated the association somewhat. Further adjustment
for physical ﬁtness indicated by BMI and physical capacity had
the most notable impact on the HRs, but despite the reduction
in magnitude, statistical signiﬁcance remained. Blood pressure
was modelled as continuous variables to ensure the most effect-
ive adjustment: the magnitude of the associations appears small
as the HRs are for each unit change per mm Hg, but statistical
signiﬁcance for associations with stroke remained after adjust-
ment for all other measures.
Table 3 presents the outcomes for the stroke subgroups, fatal
(n=308), ischaemic (n=2060) and intracerebral haemorrhagic
(n=676) stroke. All showed a signiﬁcant association with stress
resilience, with higher magnitude associations for fatal than
non-fatal stroke; and for haemorrhagic than ischaemic stroke. In
adjusted models, a similar pattern as for all stroke appeared, but
the association of stress resilience and ischaemic stroke was
more notably attenuated by adjustment for BMI and physical
capacity.
DISCUSSION
Low stress resilience in adolescence was associated with a higher
risk of stroke in men of working age between 31 years and
58 years, a relatively young age group to experience stroke. This
association was independent of childhood socioeconomic cir-
cumstances, as well as health and developmental characteristics
in adolescence. The association was attenuated more notably
(but not eliminated) by adjustment for BMI and physical
working capacity as indicators of physical ﬁtness in adolescence,
likely to signal future lifestyle characteristics.
Our results from a general population-based cohort of men
are consistent with recent studies suggesting a role for psycho-
social stress in inﬂuencing stroke risk.3–5 9 10 Similarly, poorer
adaptation to social adversity—possibly signalling lower stress
resilience—has also been linked with an increased risk of
stroke.22 Stress resilience in adolescence does not measure
exposure to stress but does indicate susceptibility, such that the
adversities of daily life may have a greater impact and conspire
to produce a more chronic pattern stress arousal over adult life.
Another study has found associations with stress independent of
lifestyle factors.4 This difference with our ﬁndings may be due
to methodological variations, as we have a measure of resilience
rather than stress exposure, it was collected prospectively, many
years before stroke, and we adjusted for some characteristics in
adolescence that may themselves be consequences of low stress
resilience, as discussed below.
We hypothesise that low resilience to psychosocial stress could
indicate exposure to psychosocial stress in earlier life, resulting in
poorer control of the stress response that can continue across the
life course. Animal studies have demonstrated that early life stress
can alter HPA axis function in a way that can persist over the life
course, producing persistent low resilience to stress.23 24 Stress
resilience may also be a characteristic of personality type, and
Table 1 Population (n=237 879) characteristics by stress resilience levels
High (7–9)
stress resilience
Moderate (4–6)
stress resilience
Low (1–3)
stress resilience
p Valuesn=56 293 (%) n=129 746 (%) n=51 840 (%)
Parental SEI 1960 n (%) <0.001
Manual workers 19 107 (33.9) 55 116 (42.5) 24 622 (47.5)
Agricultural workers 1450 (2.6) 5318 (4.1) 2459 (4.7)
Farm owners/managers 5285 (9.4) 14 132 (10.9) 4324 (8.3)
Office workers 20 424 (36.3) 34 134 (26.3) 11 428 (22.0)
Business owners/managers 6954 (12.4) 13 817 (10.6) 4729 (9.1)
Others/unknown 3073 (5.5) 7229 (5.6) 4278 (8.3)
Household crowding, 1960 n (%) <0.001
≤2 people/room 47 484 (84.4) 101 462 (78.2) 36 846 (71.2)
>2 people/room 8809 (15.6) 28 284 (21.8) 14 994 (28.8)
Cognitive function* 6.1 (1.7) 5.2 (1.9) 4.2 (2.0) <0.001
Diastolic blood pressure* (mm Hg) 71.3 (8.5) 71.6 (8.6) 72.1 (8.8) <0.001
Systolic blood pressure* (mm Hg) 127.6 (11.1) 127.7 (11.1) 127.6 (11.2) 0.028
CVD diagnosis 0.009
Yes 1479 (2.6) 3631 (2.8) 1521 (2.9)
No 54 814 (97.4) 126 115 (97.2) 50 319 (97.1)
Physical working capacity* 7.2 (1.7) 6.2 (1.7) 5.5 (1.7) <0.001
Body Mass Index (kg/m2) n (%) <0.001
Underweight (<18.499) 3719 (6.6) 15 403 (11.9) 8535 (16.5)
Normal weight (18.5–24.999) 48 623 (86.4) 104 698 (80.7) 38 892 (75.0)
Overweight (25.0–29.999) 3624 (6.4) 8331 (6.4) 3660 (7.1)
Obese (≥30.0) 327 (0.6) 1314 (1.0) 753 (1.5)
*Mean (SD).
CVD, cardiovascular disease; SEI, socioeconomic index.
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Table 3 Stress resilience and stroke subdivided by stroke characteristics
Unadjusted Adjusted
Model 1
HR (95% CI)
Model 2
HR (95% CI)
Model 3
HR (95% CI)
Model 4
HR (95% CI)
Fatal stroke (n=308)
Stress resilience
1. High 7–9 Reference Reference Reference Reference
2. Moderate 4–6 1.15 (0.84 to 1.58) 1.13 (0.83 to 1.55) 1.05 (0.77 to 1.44) 0.94 (0.68 to 1.30)
3. Low 1–3 2.21 (1.60 to 3.06) 2.17 (1.56 to 3.01) 1.82 (1.29 to 2.58) 1.50 (1.04 to 2.16)
Haemorrhagic stroke (n=676)
Stress resilience
High 7–9 Reference Reference Reference Reference
Moderate 4–6 1.17 (0.95 to 1.43) 1.16 (0.94 to 1.42) 1.06 (0.86 to 1.30) 1.00 (0.81 to 1.24)
Low 1–3 1.76 (1.41 to 2.20) 1.72 (1.38 to 2.16) 1.40 (1.11 to 1.78) 1.28 (1.00 to 1.63)
Ischaemic stroke (n=2060)
Stress resilience
High 7–9 Reference Reference Reference Reference
Moderate 4–6 1.06 (0.95 to 1.19) 1.04 (0.93 to 1.16) 0.99 (0.88 to 1.11) 0.92 (0.82 to 1.04)
Low 1–3 1.41 (1.24 to 1.60) 1.34 (1.18 to 1.53) 1.20 (1.05 to 1.38) 1.08 (0.94 to 1.24)
Model 1. Unadjusted.
Model 2. Adjusted for socio/material background factors (birth year, region, parents SEI, household crowding).
Model 3. Adjusted for 2+ characteristics in adolescence (cognition, systolic and diastolic blood pressure, CVD diagnosis at conscription).
Model 4. Adjusted for 2+3+physical fitness in adolescence (physical working capacity and BMI).
CVD, cardiovascular disease; SEI, socioeconomic index.
Table 2 Stroke risk associated with stress resilience and other characteristics
Unadjusted Adjusted
Events/n
Model 1
HR (95% CI)
Model 2
HR (95% CI)
Model 3
HR (95% CI)
Model 4
HR (95% CI)
Stress resilience
1. High (7–9) 690/56 293 Reference Reference Reference Reference
2. Moderate (4–6) 1751/129 746 1.09 (1.00 0 to 1.19) 1.07 (0.98 to 1.16) 1.01 (0.92 to 1.10) 0.94 (0.86 to 1.03)
3. Low (1–3) 970/51 840 1.54 (1.40 to 1.70) 1.48 (1.34 to 1.63) 1.30 (1.18 to 1.45) 1.16 (1.04 to 1.29)
Parental SEI 1960
Manual workers 1527/98 845 1.21 (1.11 to 1.31) 1.14 (1.04 to 1.24) 1.08 (0.98 to 1.18) 1.06 (0.97 to 1.16)
Agricultural workers 129/9227 1.08 (0.90 to 1.30) 1.00 (0.82 to 1.20) 0.92 (0.76 to 1.09) 0.90 (0.74 to 1.09)
Farm owners/managers 321/23 741 1.03 (0.91 to 1.17) 1.02 (0.89 to 1.16) 0.96 (0.84 to 1.10) 0.96 (0.84 to 1.10)
Office workers 836/65 896 Reference Reference Reference Reference
Business/owners managers 349/25 500 1.08 (0.95 to 1.22) 1.06 (0.93 to 1.20) 1.03 (0.91 to 1.17) 1.02 (0.90 to 1.15)
Others/unknown 249/14 580 1.35 (1.17 to 1.56) 1.24 (1.08 to 1.44) 1.18 (1.02 to 1.36) 1.16 (1.01 to 1.34)
Household crowding, 1960
≤2 people/room 2543/185 792 Reference Reference Reference Reference
>2 people/room 868/52 087 1.22 (1.13 to 1.32) 1.15 (1.06 to 1.24) 1.12 (1.03 to 1.21) 1.11 (1.03 to 1.20)
Cognitive function (per unit change, 1–9) 0.92 (0.90 to 0.93) 0.94 (0.92 to 0.95) 0.94 (0.93 to 0.97)
Diastolic blood pressure (per 1 mm Hg change) 1.02 (1.01 to 1.02) 1.02 (1.01 to 1.02) 1.01 (1.01 to 1.02)
Systolic blood pressure (per 1 mm Hg change) 1.01 (1.01 to 1.01) 1.01 (1.00 to 1.01) 1.00 (1.00 to 1.01)
CVD diagnosis
Yes 107/6631 1.13 (0.94 to 1.38) 1.10 (0.90 to 1.33) 1.09 (0.90 to 1.32)
No 3304/231 248 Reference Reference Reference
Physical working capacity (per unit change, 0–9) 0.91 (0.90 to 0.93) 0.92 (0.90 to 0.94)
Body Mass Index (kg/m2)
Underweight (<18.49) 374/27 657 0.99 (0.89 to 1.01) 0.85 (0.76 to 0.95)
Normal weight (18.5–24.99) 2636/192 213 Reference Reference
Overweight (25.0–29.99) 321/15 615 1.51 (1.34 to 1.69) 1.45 (1.29 to 1.63)
Obese (≥30.0) 80/2394 2.52 (2.02 to 3.15) 2.14 (1.71 to 2.68)
Model 1. Unadjusted.
Model 2. Adjusted for socio/material background factors (birth year, region, parental SEI and household crowding).
Model 3. Adjusted for 2+ characteristics in adolescence (cognitive function, diastolic and systolic blood pressure and CVD diagnosis at conscription).
Model 4. Adjusted for 2+3+ physical fitness in adolescence (physical working capacity and BMI).
CVD, cardiovascular disease; SEI, socioeconomic index.
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thus, a persistent trait. For example, low resilience may reﬂect
something like type A behaviour which, although controversial,
has previously been related to increased cardiovascular risk.25 It
has been demonstrated that adverse socioeconomic conditions in
childhood increase stroke risk26; so we adjusted for such factors,
with little impact on the association of stress resilience with
stroke. Markers of early life exposure to stress have been linked
with poorer cognitive development27 and higher blood pres-
sure.28 Thus, cognitive function and blood pressure may repre-
sent consequences of earlier stressful exposures and poorer stress
resilience, and adjusting for these factors may have produced
conservative estimates of association; arguably an over-
adjustment. Markers of stressful exposures in early life are also
linked with unhealthy weight gain,29 which may inﬂuence phys-
ical exercise or be a consequence of low exercise levels.30 Thus,
even in adolescence, BMI and ﬁtness could, in part, be a conse-
quence of lower stress resilience and earlier stressful exposures.
We believe the results suggest that a signiﬁcant proportion of the
association of stress and stress resilience with stroke risk is due to
lifestyle risk factors. This is consistent with recent ﬁndings from a
British cohort study with older participants, where the associ-
ation of psychological distress with CVD risk was largely
explained by behavioural/lifestyle processes.31 Our ﬁndings
suggest such processes have a long natural history, beginning in
childhood or adolescence.
Our results were consistent among the different stroke subtypes
(fatal, non-fatal, ischaemic and intracerebral haemorrhagic stroke)
although there may be pathological heterogeneity. Previous studies
investigating the association between psychosocial stress and stroke
subtypes are few, but the results are mostly consistent with our
ﬁndings suggesting a more notable association for fatal than for
non-fatal stroke, and for haemorrhagic than ischaemic stroke. The
stronger association with haemorrhagic than ischaemic stroke
could also be a consequence of a greater aetiological heterogeneity
in ischaemic stroke. Physical working capacity and BMI in adoles-
cence most notably attenuated that association of stress resilience
with ischaemic stroke, suggesting more signiﬁcant mediation
through lifestyle factors.
As this is a study of stress resilience measured in adolescence,
it is possible that stressful exposures in adult life might represent
a higher risk of stroke, particularly chronic exposures among
the less stress resilient. Overweight, obesity and poorer physical
capacity in adolescence are likely to signal an accumulation of
behavioural/lifestyle health risks that continue through adult-
hood.32 33 Other lifestyle risks in the years between conscrip-
tion and stroke, such as smoking, alcohol and diet, are also
likely to be relevant mediating factors. Further mediating factors
might include type 2 diabetes, a stroke risk which tends to have
its onset in adulthood some years after the time of conscription,
which has also been linked with psychosocial stress.34 35 As
behaviours and diagnoses occurring between conscription and
stroke are intermediate in the causal pathway, we have not
included them in the model. Unfortunately, we have no data on
smoking, diet or alcohol consumption, which could have added
further to our understanding of lifestyle risks. Thus, major
mediation between poor stress resilience and stroke risk may be
through lifestyle factors and ﬁtness, suggesting interventions for
psychosocial stress and behaviour might be most effective in
lowering stoke risk among younger men.
Strengths
The use of prospectively recorded data from several linked regis-
ters, and the long-term follow-up subsequent to the measure of
susceptibility, increases the validity and reliability of the study, as
well as avoiding bias due to reverse causation or poor recall.
The study population is largely representative of the male
general population as only a small proportion of Swedish men
were exempted from enlistment examinations. Extensive phys-
ical and psychological examinations were conducted in adoles-
cence, so the information was objectively measured and were
able to adjust for a variety of powerful stroke risk factors includ-
ing, BMI and physical capacity which are objective physiological
measures. The duration between conscription examination and
start of follow-up means it is unlikely that prodromal character-
istics of an impending stroke were driving the stress resilience
measure, and it was possible to identify pre-existing cardiovascu-
lar diagnoses and adjust for blood pressure.
Limitations
The potential limitations of the study include the inclusion of
only men, as women also suffer from stroke. This was necessary
as the measure of stress susceptibility was collected during mili-
tary conscription, which at the time was almost exclusively avail-
able to men. As stress resilience was only measured once, we
cannot be deﬁnitive about stability of this characteristic over
time and how this may interact with stressful exposures. In
these data, the association of stress resilience with stroke risk
did not vary by age, indicating that this measure of stress resili-
ence is a relatively stable characteristic over time, at least in
terms of stroke risk. There is a possibility of misclassiﬁcation of
the stress resilience measure if potential conscripts attempted to
obtain exemption from military service through ‘false’
responses. However such ‘false’ answers, if they exist, would
most likely dilute the resilience measure and result in less
precise estimates. The temporal relationship of stress resilience
and physical ﬁtness in adolescence cannot be established, but we
hypothesise that poor stress resilience has an adverse inﬂuence
on physical ﬁtness. As stressful exposures were not examined, it
is possible that the magnitude of associations with stress resili-
ence is conservative.
A proportion of the cardiovascular diagnoses at conscription
when the men in our cohort were 18–19 years old may not be
directly relevant to stroke risk. We included this information in
the models to ensure that poorer stress resilience was not a func-
tion of pre-existing cardiovascular disease, where a proportion of
these diseases may increase subsequent stroke risk. Most stroke
onset occurs at a higher age than in our study, so early stroke may
be somewhat atypical and the aetiology may differ from stroke at
older ages.36 However, stroke incidence in younger adults
(younger than 55 years of age) is increasing.37 Stroke at young
(working) age is a particular concern, as a reduction of working
capacity increases the personal, social as well as economic burden
of the disease. This is of public health signiﬁcance, as stroke at
early ages has the potential for greater lifetime burden of disabil-
ity, and because some risks may be modiﬁable. The proportion of
stroke diagnoses in the analytic sample is lower than among
those who were not included. This is for two reasons, and the
ﬁrst is that men who had a stroke at an early age, close in time to
the conscription examination, were excluded deliberately to
avoid associations due to reverse causation. Some men in poor
health, with very low levels of physical ﬁtness, or low cognitive
function at the time of the conscription examination, were identi-
ﬁed as unsuitable for military service by the assessors and may
not have completed all the examinations (including for stress
resilience). As these men—excluded due to missing values on the
assessments—may have the greatest risk of stroke, we may have
underestimated the proportion at risk and conceivably produced
a conservative estimate of stroke risk. The validity of some
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can be questionable, but the reliability of stroke diagnoses is
satisfactory.38 39
CONCLUSIONS
The association with stress resilience suggests that stress may be
implicated in the aetiology of stroke, which is, in part, explained
by poorer physical ﬁtness among the less stress resilient. We
hypothesise that the most effective interventions to prevent
stroke would focus on behaviour and lifestyle factors, as well as
psychosocial stress.
Contributors All authors fulﬁl the authorship requirements and have approved the
ﬁnal version of the manuscript. SM, KF and CB developed the research question and
the study design. CB and RU conducted the data preparation and data analyses. CB
and SM wrote the ﬁrst draft of the manuscript to which all authors made signiﬁcant
subsequent contributions.
Funding This study received support from the UK Economic and Social Research
Council (ESRC) as grants to the International Centre for Life Course Studies (grants
RES-596-28-0001 and ES/J019119/1), and was also funded by grants from
Stiftelsen Olle Engqvist Byggmästare and Strategic funding from Örebro University.
Competing interests None.
Ethics approval This study was conducted with the approval of The Regional
Ethics Committee in Uppsala, Sweden (Dnr 2009/306).
Provenance and peer review Not commissioned; externally peer reviewed.
Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 3.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/3.0/
REFERENCES
1 Feigin VL. Stroke in developing countries: can the epidemic be stopped and
outcomes improved? Lancet Neurol 2007;6:94–7.
2 Strong K, Mathers C, Bonita R. Preventing stroke: saving lives around the world.
Lancet Neurol 2007;6:182–7.
3 Hamer M, Kivimaki M, Stamatakis E, et al. Psychological distress as a risk factor for
death from cerebrovascular disease. CMAJ 2012;184:1461–6.
4 Egido JA, Castillo O, Roig B, et al. Is psycho-physical stress a risk factor for stroke?
A case-control study. J Neurol Neurosurg Psychiatry 2012;83:1104–10.
5 Henderson KM, Clark CJ, Lewis TT, et al. Psychosocial distress and stroke risk in
older adults. Stroke 2013;44:367–72.
6 Brotman DJ, Golden SH, Wittstein IS. The cardiovascular toll of stress. Lancet
2007;370:1089–100.
7 Siegrist J, Rodel A. Work stress and health risk behavior. Scand J Work Environ
Health 2006;32:473–81.
8 Brainin M, Dachenhausen A. Psychosocial distress, an underinvestigated risk factor
for stroke. Stroke 2013;44:305–6.
9 Jood K, Redfors P, Rosengren A, et al. Self-perceived psychological stress and
ischemic stroke: a case-control study. BMC Med 2009;7:53.
10 O’Donnell MJ, Xavier D, Liu L, et al. Risk factors for ischaemic and intracerebral
haemorrhagic stroke in 22 countries (the INTERSTROKE study): a case-control study.
Lancet 2010;376:112–23.
11 Haglund ME, Nestadt PS, Cooper NS, et al. Psychobiological mechanisms of
resilience: relevance to prevention and treatment of stress-related psychopathology.
Dev Psychopathol 2007;19:889–920.
12 Wu G, Feder A, Cohen H, et al. Understanding resilience. Front Behav Neurosci
2013;7:10.
13 Whitley E, Batty GD, Gale CR, et al. Intelligence in early adulthood and subsequent
risk of unintentional injury over two decades: cohort study of 1 109 475 Swedish
men. J Epidemiol Community Health 2010;64:419–25.
14 Sundstrom J, Neovius M, Tynelius P, et al. Association of blood pressure in late
adolescence with subsequent mortality: cohort study of Swedish male conscripts.
BMJ 2011;342:d643.
15 The National Patient Register. [cited 2014 18 March]. Available from: URL: http://
www.socialstyrelsen.se/register/halsodataregister/patientregistret
16 Montgomery S, Udumyan R, Magnuson A, et al. Mortality following unemployment
during an economic downturn: Swedish register-based cohort study. BMJ Open
2013;3:e003031.
17 Nilsson PM, Nyberg P, Ostergren PO. Increased susceptibility to stress at a
psychological assessment of stress tolerance is associated with impaired fetal
growth. Int J Epidemiol 2001;30:75–80.
18 Otto U. Male youths. A sociopsychiatric study of a total annual population of
Swedish adolescent boys. Acta Psychiatr Scand Suppl 1976;264:1–312.
19 Lothigius J. Verksamhetsinstruktion för Psykologer VIP95 (Psychological Test
Manual used by the Swedish National Service Administration VIP95). Karlstad,
1995.
20 The Cause of Death Register. [cited 18 March 2014]. http://www.socialstyrelsen.se/
register/dodsorsaksregistret
21 Statistics Sweden. [cited 18 March 2014]. http://www.scb.se/sv_/Vara-tjanster/SCBs-
data-for-forskning/SCBs-datalager/
22 Surtees PG, Wainwright NW, Luben RL, et al. Adaptation to social adversity is
associated with stroke incidence: evidence from the EPIC-Norfolk prospective cohort
study. Stroke 2007;38:1447–53.
23 Liu D, Diorio J, Tannenbaum B, et al. Maternal care, hippocampal glucocorticoid
receptors, and hypothalamic-pituitary-adrenal responses to stress. Science
1997;277:1659–62.
24 Sapolsky RM. The importance of a well-groomed child. Science
1997;277:1620–1.
25 Sirri L, Fava GA, Guidi J, et al. Type A behaviour: a reappraisal of its characteristics
in cardiovascular disease. Int J Clin Pract 2012;66:854–61.
26 Smith GD, Hart C, Blane D, et al. Adverse socioeconomic conditions in childhood
and cause speciﬁc adult mortality: prospective observational study. BMJ
1998;316:1631–5.
27 Bergman K, Sarkar P, Glover V, et al. Maternal prenatal cortisol and infant cognitive
development: moderation by infant-mother attachment. Biol Psychiatry
2010;67:1026–32.
28 Montgomery SM, Berney LR, Blane D. Prepubertal stature and blood pressure in
early old age. Arch Dis Child 2000;82:358–63.
29 Stenhammar C, Olsson G, Bahmanyar S, et al. Family stress and BMI in young
children. Acta Paediatr 2010;99:1205–12.
30 Osika W, Montgomery SM. Physical control and coordination in childhood and adult
obesity: Longitudinal Birth Cohort Study. BMJ 2008;337:a699.
31 Hamer M, Molloy GJ, Stamatakis E. Psychological distress as a risk factor for
cardiovascular events: pathophysiological and behavioral mechanisms. J Am Coll
Cardiol 2008;52:2156–62.
32 Kvaavik E, Tell GS, Klepp KI. Predictors and tracking of body mass index from
adolescence into adulthood: follow-up of 18 to 20 years in the Oslo Youth Study.
Arch Pediatr Adolesc Med 2003;157:1212–18.
33 Telama R, Yang X, Leskinen E, et al. Tracking of Physical Activity from Early
Childhood through Youth into Adulthood. Med Sci Sports Exerc 2013. [Epub ahead
of print] doi nr 10.1249/MSS.0000000000000181
34 Eriksson AK, Ekbom A, Granath F, et al. Psychological distress and risk of
pre-diabetes and Type 2 diabetes in a prospective study of Swedish middle-aged
men and women. Diabet Med 2008;25:834–42.
35 Olsen J, Li J, Precht DH. Hospitalization because of diabetes and bereavement:
a national cohort study of parents who lost a child. Diabet Med
2005;22:1338–42.
36 Yesilot Barlas N, Putaala J, Waje-Andreassen U, et al. Etiology of ﬁrst-ever
ischaemic stroke in European young adults: the 15 cities young stroke study. Eur J
Neurol 2013;20:1431–9.
37 Kissela BM, Khoury JC, Alwell K, et al. Age at stroke: temporal trends in stroke
incidence in a large, biracial population. Neurology 2012;79:1781–7.
38 Ludvigsson JF, Andersson E, Ekbom A, et al. External review and
validation of the Swedish national inpatient register. BMC Public Health
2011;11:450.
39 Gulsvik AK, Gulsvik A, Svendsen E, et al. Diagnostic validity of fatal cerebral strokes
and coronary deaths in mortality statistics: an autopsy study. Eur J Epidemiol
2011;26:221–8.
6 Bergh C, et al. J Neurol Neurosurg Psychiatry 2014;0:1–6. doi:10.1136/jnnp-2013-307485
Cerebrovascular disease
 group.bmj.com on September 2, 2014 - Published by jnnp.bmj.comDownloaded from 
doi: 10.1136/jnnp-2013-307485
 published online March 28, 2014J Neurol Neurosurg Psychiatry
 
Cecilia Bergh, Ruzan Udumyan, Katja Fall, et al.
 
subsequent stroke risk: cohort study
Stress resilience in male adolescents and
 http://jnnp.bmj.com/content/early/2014/03/28/jnnp-2013-307485.full.html
Updated information and services can be found at: 
These include:
References
 http://jnnp.bmj.com/content/early/2014/03/28/jnnp-2013-307485.full.html#ref-list-1
This article cites 34 articles, 14 of which can be accessed free at:
Open Access
non-commercial. See: http://creativecommons.org/licenses/by-nc/3.0/
terms, provided the original work is properly cited and the use is
work non-commercially, and license their derivative works on different 
license, which permits others to distribute, remix, adapt, build upon this
Creative Commons Attribution Non Commercial (CC BY-NC 3.0) 
This is an Open Access article distributed in accordance with the
P<P Published online March 28, 2014 in advance of the print journal.
service
Email alerting
the box at the top right corner of the online article.
Receive free email alerts when new articles cite this article. Sign up in
(DOIs) and date of initial publication. 
publication. Citations to Advance online articles must include the digital object identifier 
citable and establish publication priority; they are indexed by PubMed from initial
typeset, but have not not yet appeared in the paper journal. Advance online articles are 
Advance online articles have been peer reviewed, accepted for publication, edited and
 http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:
 http://journals.bmj.com/cgi/reprintform
To order reprints go to:
 http://group.bmj.com/subscribe/
To subscribe to BMJ go to:
 group.bmj.com on September 2, 2014 - Published by jnnp.bmj.comDownloaded from 
Collections
Topic
 (339 articles)Hypertension   
 (1305 articles)Stroke   
 (130 articles)Open access   
 
Articles on similar topics can be found in the following collections
Notes
(DOIs) and date of initial publication. 
publication. Citations to Advance online articles must include the digital object identifier 
citable and establish publication priority; they are indexed by PubMed from initial
typeset, but have not not yet appeared in the paper journal. Advance online articles are 
Advance online articles have been peer reviewed, accepted for publication, edited and
 http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:
 http://journals.bmj.com/cgi/reprintform
To order reprints go to:
 http://group.bmj.com/subscribe/
To subscribe to BMJ go to:
 group.bmj.com on September 2, 2014 - Published by jnnp.bmj.comDownloaded from 
